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(54) PHOTOELECTRIC CONVERSION DEVICE AND IMAGE GENERATION DEVICE

(57) A photoelectric conversion device includes a
photoelectric conversion unit which includes a phototran-
sistor having a collector region, an emitter region, and a
base region to generate an output current according to
an intensity of incident light to the phototransistor, and a

base potential setting unit which is configured to set up
a base potential of the phototransistor so that the output
current from the photoelectric conversion unit is equal to
a predetermined current value.



EP 3 113 486 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present disclosure relates to a photoelec-
tric conversion device and an image generation device.
[0002] Conventionally, a photoelectric conversion cell
utilizing a phototransistor having a photocurrent amplifi-
cation function is known as a photoelectric transducer.
For example, see Japanese Patent No. 5674096. In this
photoelectric conversion cell, a process to discharge (re-
set) electric charge accumulated in the phototransistor
thereof is performed by discharging (resetting) the elec-
tric charge accumulated in the phototransistor upon read-
ing of the photoelectric conversion cell.
[0003] However, the photoelectric conversion cell may
have a difficulty in fully resetting the electric charge ac-
cumulated in the phototransistor within a predetermined
reading time when intense optical energy is received, or
when an extended accumulation time is required.
[0004] In one aspect, the present disclosure provides
a photoelectric conversion device capable of reducing
the time needed to reset the electric charge accumulated
in the phototransistor.
[0005] In one embodiment, the present disclosure pro-
vides a photoelectric conversion device which includes
a photoelectric conversion unit which has a collector re-
gion, an emitter region, and a base region, and includes
a phototransistor to generate an output current according
to an intensity of incident light to the phototransistor, and
a base potential setting unit which is configured to set up
a base potential of the phototransistor so that the output
current from the photoelectric conversion unit is equal to
a predetermined current value.
[0006] The object and advantages of the invention will
be realized and attained by means of the elements and
combinations particularly pointed out in the claims. It is
to be understood that both the foregoing general descrip-
tion and the following detailed description are exemplary
and explanatory and are not restrictive of the invention
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is an equivalent circuit diagram illustrating a
photoelectric conversion device according to a first
embodiment.
FIG. 2 is a flowchart for explaining operation of the
photoelectric conversion device according to the first
embodiment.
FIG. 3 is a diagram illustrating a state of the photo-
electric conversion device according to the first em-
bodiment when performing an accumulation proc-
ess.
FIG. 4 is a diagram illustrating a state of the photo-
electric conversion device according to the first em-
bodiment when performing an integrator reset proc-
ess.

FIG. 5 is a diagram illustrating a state of the photo-
electric conversion device according to the first em-
bodiment when performing a cell select process.
FIG. 6 is a diagram illustrating a state of the photo-
electric conversion device according to the first em-
bodiment when performing a cell reset process.
FIG. 7 is an equivalent circuit diagram illustrating a
photoelectric conversion device according to the re-
lated art.
FIG. 8 is a diagram for explaining changes of a base-
to-emitter voltage when resetting a phototransistor.
FIG. 9A and FIG. 9B are graphs illustrating a rela-
tionship between an output voltage of an integrator
and the elapsed time.
FIG. 10 is an equivalent circuit diagram illustrating a
photoelectric conversion device according to a sec-
ond embodiment.
FIG. 11 is a flowchart for explaining operation of the
photoelectric conversion device according to the
second embodiment.
FIG. 12 is a diagram illustrating a state of the pho-
toelectric conversion device according to the second
embodiment when performing the accumulation
process.
FIG. 13 is a diagram illustrating a state of the pho-
toelectric conversion device according to the second
embodiment when performing the integrator reset
process.
FIG. 14 is a diagram illustrating a state of the pho-
toelectric conversion device according to the second
embodiment when performing the cell select proc-
ess.
FIG. 15 is a diagram illustrating a state of the pho-
toelectric conversion device according to the second
embodiment when performing the cell reset process.
FIG. 16 is an equivalent circuit diagram illustrating a
photoelectric conversion device according to a third
embodiment.
FIG. 17 is a flowchart for explaining operation of the
photoelectric conversion device according to the
third embodiment.
FIG. 18 is a diagram illustrating a state of the pho-
toelectric conversion device according to the third
embodiment when performing the accumulation
process.
FIG. 19 is a diagram illustrating a state of the pho-
toelectric conversion device according to the third
embodiment when performing the integrator reset
process.
FIG. 20 is a diagram illustrating a state of the pho-
toelectric conversion device according to the third
embodiment when performing the cell select proc-
ess.
FIG. 21 is a diagram illustrating a state of the pho-
toelectric conversion device according to the third
embodiment when performing the cell reset process.
FIG. 22 is a diagram illustrating a configuration of an
image generation device.
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[0008] A description will be given of embodiments with
reference to the accompanying drawings.

[First Embodiment]

[0009] First, a configuration of a photoelectric conver-
sion device 1 according to a first embodiment will be de-
scribed. FIG. 1 is an equivalent circuit diagram illustrating
the photoelectric conversion device 1 according to the
first embodiment.
[0010] As illustrated in FIG. 1, the photoelectric con-
version device 1 includes a pixel cell 10, an integrator 20
disposed for the pixel cell 10, an output line 30 disposed
as a path for reading signal charge, a constant current
source 40 disposed to branch OFF from a path of the
output line 30, and a reset line 50 disposed to connect
the pixel cell 10 and an output of the integrator 20.
[0011] The pixel cell 10 is an example of a photoelectric
conversion unit, and the above-described configuration
including the integrator 20, the output line 30, the con-
stant current source 40, and the reset line 50 is an ex-
ample of a base potential setting unit.
[0012] The pixel cell 10 includes a voltage source Vcc,
a phototransistor 11, a cell select switch 12 (which is
disposed as a signal charge reading unit), and a cell reset
switch 13.
[0013] The phototransistor 11 has a bipolar structure
including a collector region C, an emitter region E, and
a base region B. The phototransistor 11 generates an
output current according to an intensity of incident light
to the phototransistor 11.
[0014] The collector region C is connected to the volt-
age source Vcc.
[0015] The emitter region E is connected to the cell
select switch 12. When the cell select switch 12 is turned
ON, the emitter region E of the phototransistor 11 is con-
nected to the output line 30 via the cell select switch 12.
The integrator 20 is connected to the output line 30, and
the signal charge from the emitter region E is transferred
to the integrator 20.
[0016] The base region B is connected to the cell reset
switch 13. When the cell reset switch 13 is turned ON,
the base region B is connected to the reset line 50 via
the cell reset switch 13. The output of the integrator 20
is connected to the reset line 50, and the output of the
integrator 20 is supplied to the base region B.
[0017] The integrator 20 is disposed to the output line
30 from which a photocurrent output from the phototran-
sistor 11 is received. The integrator 20 is configured to
perform an integration process of the photocurrent output
from the phototransistor 11. In the integration process,
the electric charge according to the photocurrent is ac-
cumulated within a reading time, the accumulated charge
is converted into a voltage, and the voltage is output from
the integrator 20. The integrator 20 includes an opera-
tional amplifier 21, a capacitor 22, an integration capac-
itor connect switch 23, and an integrator reset switch 24.
[0018] The integration capacitor connect switch 23

may be a switch configured to connect the capacitor 22
to the operational amplifier 21 and disconnect the con-
nector 22 from the operational amplifier 21. The integra-
tor reset switch 24 may be a switch configured to dis-
charge the signal charge accumulated in the capacitor
22 (or configured to perform an integrator reset process).
[0019] The constant current source 40 is connected
via the constant current source connect switch 41 to the
output line 30 which outputs the photocurrent from the
phototransistor 11.
[0020] Next, an example of operation of the photoelec-
tric conversion device 1 according to the first embodiment
will be described. FIG. 2 is a flowchart for explaining op-
eration of the photoelectric conversion device 1 accord-
ing to the first embodiment. FIGs. 3 to 6 are diagrams
illustrating various states of the photoelectric conversion
device 1 according to the first embodiment when per-
forming various processes.
[0021] Upon reception of instructions from a control
unit (not illustrated) via control lines 61 and 62, the pho-
toelectric conversion device 1 performs the processes of
steps S11 to S14 as illustrated in FIG. 2.
[0022] First, the photoelectric conversion device 1 per-
forms an accumulation process to accumulate signal
charge in the phototransistor 11. Specifically, the cell se-
lect switch 12 is turned OFF and the cell reset switch 13
is turned OFF (step S11). At this time, in the photoelectric
conversion device 1, as illustrated in FIG. 3, the cell select
switch 12 is in an OFF state and the cell reset switch 13
is in an OFF state. Note that the integration capacitor
connect switch 23, the integrator reset switch 24, and the
constant current source connect switch 41 may be in an
ON state or in an OFF state. In the phototransistor 11,
upon reception of incident optical energy, the optical en-
ergy is converted into signal charge, and the signal
charge is accumulated in the base region B. In this con-
dition, the emitter region E and the base region B of the
phototransistor 11 in the pixel cell 10 are in a floating
state. Hence, the signal charge generated according to
the optical energy is accumulated in the base region B,
starting from a base potential set up by a cell reset proc-
ess (which will be described later), and a base-to-collec-
tor voltage VBC of the phototransistor 11 is reduced.
[0023] Subsequently, the photoelectric conversion de-
vice 1 performs an integrator reset process to discharge
the signal charge in the capacitor 22 of the integrator 20.
Specifically, the integrator reset switch 24 is turned ON
and the integration capacitor connect switch 23 is turned
ON (step S12). At this time, in the photoelectric conver-
sion device 1, as illustrated in FIG. 4, the cell select switch
12 is in an OFF state, the cell reset switch 13 is in an
OFF state, the integration capacitor connect switch 23 is
in an ON state, and the integrator reset switch 24 is in
an ON state. Note that the constant current source con-
nect switch 41 may be in an ON state, or in an OFF state.
For example, the constant current source connect switch
41 may be in an OFF state. Thereby, the signal charge
in the capacitor 22 may be discharged.
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[0024] Subsequently, the photoelectric conversion de-
vice 1 performs a cell select process to discharge the
signal charge accumulated in the phototransistor 11.
Specifically, the cell select switch 12 is turned ON and
the integrator reset switch 24 is turned OFF (step S13).
When the constant current source connect switch 41 is
in an OFF state, the constant current source connect
switch 41 is turned ON. At this time, in the photoelectric
conversion device 1, as illustrated in FIG. 5, the cell select
switch 12 is in an ON state, the cell reset switch 13 is in
an OFF state, the integration capacitor connect switch
23 is in an ON state, the integrator reset switch 24 is in
an OFF state, and the constant current source connect
switch 41 is in an ON state. Thereby, the photocurrent
according to the signal charge accumulated in the pho-
totransistor 11 flows into the integrator 20. In the integra-
tor 20, the photocurrent generated in the reading time is
accumulated, the photocurrent is converted into the volt-
age, and the voltage is output. Note that after an end of
the cell select process, the constant current source con-
nect switch 41 is turned OFF, and reading of the output
of the integrator 20 is performed. After the reading of the
output of the integrator 20 is performed, the constant cur-
rent source connect switch 41 is turned ON again. The
signal output from the integrator 20 is converted into a
digital signal by an AD converter (which will be described
later), and the photoelectric conversion device 1 outputs
the digital signal. Note that the constant current source
40 is connected to the output line 30, and the photocur-
rent flows into the integrator 20 after a constant current
iB set up by the constant current source 40 is reduced
from the photocurrent output from the phototransistor 11.
[0025] Subsequently, the photoelectric conversion de-
vice 1 performs a cell reset process to discharge the sig-
nal charge accumulated in the phototransistor 11. Spe-
cifically, the cell reset switch 13 is turned ON and the
integration capacitor connect switch 23 is turned OFF
(step S 14). At this time, in the photoelectric conversion
device 1, as illustrated in FIG. 6, the cell select switch 12
is in an ON state, the cell reset switch 13 is in an ON
state, the integration capacitor connect switch 23 is in an
OFF state, and the integrator reset switch 24 is in an OFF
state. Thereby, a feedback loop is formed by the base
region B and the emitter region E of the phototransistor
11, the cell select switch 12, the output line 30, the op-
erational amplifier 21 of the integrator 20, the reset line
50, and the cell reset switch 13. An electric potential of
the output line 30 is controlled to be equal to a reference
voltage Vref, and the base-to-emitter voltage VBE of the
phototransistor 11 is controlled to be equal to a value that
allows the passage of the current iB set up by the constant
current source 40 even if the phototransistor 11 has dif-
ferent characteristics.
[0026] Subsequently, after the process of step S 14 is
completed, the operation of the photoelectric conversion
device 1 is returned to step S11 again, and the above-
described processes of steps S11 to S 14 are repeated.
[0027] Next, a photoelectric conversion device of a

comparative example in which a base region of a pho-
totransistor is set in a floating state will be described for
the purpose of comparison with the photoelectric conver-
sion device 1 according to the first embodiment. FIG. 7
is an equivalent circuit diagram illustrating a photoelectric
conversion device 9 according to the related art.
[0028] As illustrated in FIG. 7, the photoelectric con-
version device 9 includes a pixel cell 10, an integrator 20
disposed for the pixel cell 10, and an output line 30 as a
path for reading signal charge. The pixel cell 10, the in-
tegrator 20, and the output line 30 of this photoelectric
conversion device 9 are essentially the same as corre-
sponding elements of the photoelectric conversion de-
vice 1 according to the first embodiment, and a descrip-
tion thereof will be omitted. In the photoelectric conver-
sion device 9 of the comparative example, the cell select
process is set to the cell select process and the cell reset
process in combination.
[0029] Operation of the photoelectric conversion de-
vice 9 of the comparative example will be described.
[0030] The base region B of the phototransistor 11 is
set in a floating state immediately after the accumulation
process is initiated, a collector-to-base voltage VCB is
fixed due to the parasitic capacitance. The optical energy
is received at the phototransistor 11 in this condition, the
signal charge according to the optical energy is accumu-
lated in the phototransistor 11, and the collector-to-base
voltage VCB is reduced. At this time, the base potential
increases as the optical energy increases.
[0031] In the meantime, the emitter potential is in a
floating state, and the signal charge accumulated in the
parasitic capacitance between the base and the emitter
is maintained so that the base-to-emitter voltage VBE in-
dicates a constant value.
[0032] When the cell select switch 12 is turned ON, the
pixel cell 10 is selected. When the emitter potential is
fixed to the reference voltage Vref, the signal charge ac-
cumulated in the base region B is converted into a base
current, and the current flows toward the emitter. At this
time, by the bipolar transistor amplification action, the
current flows from the collector region C to the emitter
region E, and such current combined with the base cur-
rent results in the photocurrent.
[0033] Immediately after the pixel cell 10 is selected,
the base current increases steeply and the base potential
decreases greatly. However, with the passage of time,
the decrease amount of the base potential is reduced
gradually, and the base potential will reach a fixed value.
In this manner, the decrease amount of the base potential
is reduced with the passage of time, and there may be a
case in which the reading time of the signal charge elaps-
es before the base potential reaches the fixed value. In
such a case, the base potential before reaching the fixed
value remains as the potential when the phototransistor
11 is reset, and the following accumulation process is
performed. Hence, the amount of the signal charge ac-
cumulated by that accumulation process is affected by
the state of the phototransistor before that accumulation
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process is initiated, and the amount of the signal charge
may deviate from an accurate amount of the signal
charge generated according to the optical energy (a reset
error). Note that the base potential when the phototran-
sistor 11 is reset varies depending on the amount of op-
tical energy received by the phototransistor 11.
[0034] Specifically, as illustrated in FIG. 8, the base-
to-emitter voltage VBE at a reading end time ("t" indicated
in FIG. 8) increases as the amount of optical energy re-
ceived by the phototransistor 11 increases. FIG. 8 illus-
trates changes of the base-to-emitter voltage VBE of the
phototransistor 11 when the phototransistor 11 is reset.
In FIG. 8, the horizontal axis indicates the elapsed time,
and the vertical axis indicates the base-to-emitter voltage
VBE. Further, in FIG. 8, the solid line expresses a case
in which a large amount of optical energy is received by
the phototransistor 11, and the long dashed line express-
es a case in which a small amount of optical energy is
received by the phototransistor 11.
[0035] In the photoelectric conversion device 1 accord-
ing to this embodiment, however, the reset process is
performed to establish the base-to-emitter voltage VBE
of the phototransistor 11 that allows the passage of the
constant current iB which is set up by the constant current
source 40.
[0036] Hence, in the photoelectric conversion device
1 according to this embodiment, the base potential is
quickly set earlier than a time for the base potential to
reach the potential of the base region B in a floating state
which is completely reset when the potential of the emitter
region E is fixed. Consequently, reset errors may be re-
duced even if the amount of optical energy received by
the phototransistor 11 varies and the amount of the signal
charge accumulated in the phototransistor 11 varies.
[0037] In the photoelectric conversion device 1 accord-
ing to this embodiment, it is possible to set up bias con-
ditions between the base and the emitter of the phototran-
sistor 11. Hence, by setting up the bias conditions be-
forehand to perform the reset process at high speed, the
time (reset time) needed to reset the electric charge ac-
cumulated in the phototransistor may be reduced and
the reading time may be reduced.
[0038] When the photoelectric conversion device 1 in-
cludes a plurality of pixel cells 10, the phototransistor 11
is disposed in each of the pixel cells 10. However, such
phototransistors 11 may have variations in their charac-
teristics. When the phototransistors 11 have variations
in their characteristics, the following problem may take
place. Each of the phototransistors 11 is reset by fixing
the base potential to the reset potential. In such a case,
if the reset potential is fixed for all the pixel cells 10, the
output current when the base-to-emitter voltage VBE de-
termined according to the reset condition is supplied may
have variations due to the variations in the characteristics
of the phototransistors 11.
[0039] However, in the photoelectric conversion de-
vice 1 according to this embodiment, even when the pho-
totransistors 11 have variations in their characteristics,

the reset process is performed so that the identical emit-
ter current is output from each of the phototransistors 11.
Consequently, the variations in the characteristics of the
phototransistors 11 may be prevented.
[0040] Next, a relationship between the output voltage
of the integrator 20 and the elapsed time will be de-
scribed. FIGs. 9A and 9B illustrate a relationship between
the output voltage of the integrator and the elapsed time.
[0041] Specifically, FIG. 9A illustrates a relationship
between the output voltage of the integrator 20 in the
photoelectric conversion device 1 of the first embodiment
and the elapsed time. FIG. 9B illustrates a relationship
between the output voltage of the integrator 20 in the
photoelectric conversion device 9 of the comparative ex-
ample and the elapsed time. The vertical axis indicates
the output voltage Vout of the integrator 20, and the hor-
izontal axis indicates the elapsed time.
[0042] In the upper portion of each of FIGs. 9A and 9B,
operating states of the cell select switch 12 and the inte-
grator reset switch 24 are illustrated. In the lower portion
of each of FIGs. 9A and 9B, the relationship between the
output voltage of the integrator 20 and the elapsed time.
[0043] As illustrated in FIG. 9A, in the case of the pho-
toelectric conversion device 1 of the first embodiment,
when the integrator reset switch 24 is turned ON (time
t1), the integrator reset process is performed and the
output voltage Vout is set to the reference voltage Vref.
[0044] Subsequently, after the integrator reset switch
24 is turned OFF, the cell select switch 12 is turned ON
(time t2). At this time, the cell select process is performed
and the output voltage Vout changes according to the
amount of the signal charge accumulated in the pho-
totransistor 11. Specifically, when no signal charge is ac-
cumulated in the phototransistor 11 (a dark condition),
the current flows from the integrator 20 to the constant
current source 40, and the output voltage Vout increases
with the passage of time as indicated by the solid line in
FIG. 9A. When a small amount of the signal charge is
accumulated in the phototransistor 11, the photocurrent
flows from the pixel cell 10 to the integrator 20 initially,
and the output voltage Vout decreases initially. However,
with the passage of time, the current flows from the inte-
grator 20 to the constant current source 40, and the out-
put voltage Vout increases gradually as indicated by the
long dashed line in FIG. 9A. Further, when a large amount
of the signal charge is accumulated in the phototransistor
11, the photocurrent flows from the pixel cell 10 to the
integrator 20, and the output voltage Vout decreases with
the passage of time as indicated by the one-dotted chain
line in FIG. 9A.
[0045] Subsequently, the cell select switch 12 is turned
OFF and the cell select process is terminated (time t3).
At this time, the output voltage Vout of the integrator 20
is maintained at a constant value.
[0046] In this manner, in the case of the photoelectric
conversion device 1 according to the first embodiment,
when no signal charge is accumulated in the phototran-
sistor 11 (the dark condition), the current flows from the
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integrator 20 to the constant current source 40, and the
output voltage Vout increases with the passage of time.
The output voltage Vout at this time is higher than the
reference voltage Vref by a voltage level represented by
(the current of the constant current source 40)x(the read-
ing time)/(the capacity of the capacitor 22). Accordingly,
the dynamic range becomes wide and the S/N ratio be-
comes great.
[0047] On the other hand, in the case of the photoe-
lectric conversion device 9 of the comparative example,
the photocurrent of the pixel cell 10 flows into the inte-
grator 20 regardless of the amount of the signal charge
accumulated in the phototransistor 11, and the output
voltage Vout of the integrator 20 is always lower than the
reference voltage Vref. Accordingly, the dynamic range
becomes narrow and it is difficult to obtain a great S/N
ratio.
[0048] Specifically, as illustrated in FIG. 9B, in the case
of the photoelectric conversion device 9 of the compar-
ative example, when the integrator reset switch 24 is
turned ON (time t1), the integrator reset process is per-
formed, and the output voltage Vout is set to the reference
voltage Vref.
[0049] Subsequently, after the integrator reset switch
24 is turned OFF, the cell select switch 12 is turned ON
(time t2). At this time, the cell select process is performed.
The output voltage Vout changes according to the amount
of the signal charge accumulated in the phototransistor
11. Specifically, when no signal charge is accumulated
in the phototransistor 11 (a dark condition), the current
does not flow from the phototransistor 11 to the integrator
20 and the output voltage Vout remains unchanged as
indicated by the solid line in FIG. 9B. When a small
amount of the signal charge is accumulated in the pho-
totransistor 11, the current flows from the phototransistor
11 to the integrator 20, and the output voltage Vout de-
creases as indicated by the long dashed line FIG. 9B.
Further, when a large amount of the signal charge is ac-
cumulated in the phototransistor 11, the amount of the
current flowing to the integrator 20 from the phototran-
sistor 11 in this case is larger than that in the case in
which the small amount of the signal charge is accumu-
lated in the phototransistor 11, and the output voltage
Vout decreases further as indicated by the one-dotted
chain line in FIG. 9B.
[0050] Subsequently, the cell select switch 12 is turned
OFF (time t3) and the cell select process is terminated.
The output voltage Vout of the integrator 20 is maintained
at a constant value.

[Second Embodiment]

[0051] A configuration of a photoelectric conversion
device 2 according to a second embodiment will be de-
scribed. FIG. 10 is an equivalent circuit diagram illustrat-
ing the photoelectric conversion device 2 according to
the second embodiment.
[0052] As illustrated in FIG. 10, the photoelectric con-

version device 2 according to the second embodiment is
essentially the same as the photoelectric conversion de-
vice 1 according to the first embodiment, except that the
photoelectric conversion device 2 further includes an op-
erational amplifier (feedback amplifier) 210 configured to
perform the cell reset process and disposed to be sepa-
rate from the operational amplifier 21 of the integrator
20, and an integrator connect switch 220 configured to
be switched between an ON state to connect the output
line 30 to the integrator 20 and an OFF state to disconnect
the output line 30 from the integrator 20. Other elements
of the photoelectric conversion device 2 of the second
embodiment are essentially the same as corresponding
elements of the photoelectric conversion device 1 of the
first embodiment, and a description thereof will be omit-
ted.
[0053] As illustrated in FIG. 10, the photoelectric con-
version device 2 includes the pixel cell 10, the integrator
20, the output line 30, the constant current source 40,
the reset line 50, the feedback amplifier 210, and the
integrator connect switch 220.
[0054] The pixel cell 10 is an example of the photoe-
lectric conversion unit, and the above-described config-
uration including the output line 30, the constant current
source 40, the reset line 50, the feedback amplifier 210,
and the integrator connect switch 220 is an example of
the base potential setting unit.
[0055] The feedback amplifier 210 is disposed to
branch OFF from the path of the output line 30, and an
output of the feedback amplifier 210 is connected to the
base region B of the phototransistor 11 via the cell reset
switch 13.
[0056] The integrator connect switch 220 may be a
switch disposed on the output line 30 to connect the pixel
cell 10 to the integrator 20 or to disconnect the pixel cell
10 from the integrator 20. The pixel cell 10 is connected
to the integrator connect switch 220, and when the inte-
grator connect switch 220 is turned ON, the pixel cell 10
is connected to the integrator 20 via the integrator con-
nect switch 220.
[0057] Next, an example of operation of the photoelec-
tric conversion device 2 according to the second embod-
iment will be described. FIG. 11 is a flowchart for explain-
ing operation of the photoelectric conversion device ac-
cording to the second embodiment.
[0058] Upon reception of instructions from a control
unit (not illustrated) via the control lines 61 and 62, the
photoelectric conversion device 2 performs various proc-
esses of steps S21 to S24 as illustrated in FIG. 11. FIGs.
12 to 15 are diagrams illustrating various states of the
photoelectric conversion device 2 according to the sec-
ond embodiment when performing the various process-
es.
[0059] First, the photoelectric conversion device 2 per-
forms an accumulation process to accumulate signal
charge in the phototransistor 11. Specifically, the cell se-
lect switch 12 is turned OFF and the cell reset switch 13
is turned OFF (step S21). At this time, in the photoelectric
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conversion device 2, as illustrated in FIG. 12, the cell
select switch 12 is in an OFF state and the cell reset
switch 13 is in an OFF state. Note that the integrator reset
switch 24 and the integrator connect switch 220 may be
in an ON state or in an OFF state. In the phototransistor
11, upon reception of an incident optical energy, the op-
tical energy is converted into signal charge. In this con-
dition, the emitter region E and the base region B of the
phototransistor 11 in the pixel cell 10 are in a floating
state. Hence, the signal charge generated according to
the optical energy is accumulated in the base region B
starting from the base potential set up by the cell reset
process (which will be described later), and the base-to-
collector voltage VBC of the phototransistor 11 is reduced.
[0060] Subsequently, the photoelectric conversion de-
vice 2 performs an integrator reset process to discharge
the signal charge in the capacitor 22 of the integrator 20.
Specifically, the integrator reset switch 24 is turned ON
(step S22). At this time, in the photoelectric conversion
device 2, as illustrated in FIG. 13, the cell select switch
12 is in an OFF state, the cell reset switch 13 is in an
OFF state, and the integrator reset switch 24 is in an ON
state. Note that the integrator connect switch 220 at this
time may be in an ON state or in an OFF state. It is pref-
erable that the integrator connect switch 220 is in an OFF
state, in order to reduce the error due to the ON resistance
when the current flows through the integrator connect
switch 220. By performing the integrator reset process,
the signal charge in the capacitor 22 may be discharged.
[0061] Subsequently, the photoelectric conversion de-
vice 2 performs a cell select process to discharge the
signal charge accumulated in the phototransistor 11.
Specifically, the cell select switch 12 is turned ON, the
integrator reset switch 24 is turned OFF, and the integra-
tor connect switch 220 is turned ON (step S23). At this
time, in the photoelectric conversion device 2, as illus-
trated in FIG. 14, the cell select switch 12 is in an ON
state, the cell reset switch 13 is in an OFF state, the
integrator reset switch 24 is in an OFF state, and the
integrator connect switch 220 is in an ON state. Hence,
the photocurrent according to the signal charge accumu-
lated in the phototransistor 11 flows into the integrator
20. In the integrator 20, the photocurrent generated in
the reading time is accumulated and the photocurrent is
converted into a voltage, so that the integrator 20 outputs
the voltage. Note that, after the cell select process is ter-
minated, the constant current source connect switch 41
is turned OFF and the output of the integrator 20 is read.
After the reading of the output of the integrator 20 is per-
formed, the constant current source connect switch 41
is turned ON again. The signal output from the integrator
20 is converted into a digital signal by an AD converter
(which will be described later) and the photoelectric con-
version device 2 outputs the digital signal. Note that the
constant current source 40 is connected to the output
line 30, and the photocurrent flows into the integrator 20
after the current iB set up by the constant current source
40 is reduced from the photocurrent output from the pho-

totransistor 11.
[0062] Subsequently, the photoelectric conversion de-
vice 2 performs a cell reset process to discharge the sig-
nal charge accumulated in the phototransistor 11. Spe-
cifically, the cell reset switch 13 is turned ON and the
integrator connect switch 220 is turned OFF (step S24).
At this time, in the photoelectric conversion device 2, as
illustrated in FIG. 15, the cell select switch 12 is in an ON
state, the cell reset switch 13 is in an ON state, the inte-
grator reset switch 24 is in an OFF state, and the inte-
grator connect switch 220 is in an OFF state. Thereby,
a feedback loop is formed by the base region B and the
emitter region E of the phototransistor 11, the cell select
switch 12, the output line 30, the feedback amplifier 210,
the reset line 50, and the cell reset switch 13. An electric
potential of the output line 30 is controlled to be equal to
the reference voltage Vref, and the base-to-emitter volt-
age VBE of the phototransistor 11 is controlled to be equal
to a value that allows the passage of the current iB set
up by the constant current source 40 even if the pho-
totransistor 11 has different characteristics.
[0063] Subsequently, after the process of step S24 is
completed, the operation of the photoelectric conversion
device 2 is returned to step S21 again, and the above-
described processes of steps S21 to S24 are repeated.
[0064] According to the above-described photoelectric
conversion device 2 of the second embodiment, in addi-
tion to the advantageous effects of the first embodiment,
the following advantageous effect is obtained. Namely,
the photoelectric conversion device 2 of the second em-
bodiment includes the feedback amplifier 210 for use
when performing the cell reset process and the feedback
amplifier 210 is separate from the operational amplifier
21 of the integrator 20. Hence, it is possible for the second
embodiment to provide a flexible design for the photoe-
lectric conversion device 2. There may be a case in which
it is demanded that the operational amplifier 210 and the
operational amplifier 21 have mutually different charac-
teristics. In such a case, according to the photoelectric
conversion device 2 of the second embodiment, the op-
timal operational amplifiers may be selected for both the
required characteristics.
[0065] In the second embodiment, a case in which the
integrator reset switch 24 is in an OFF state during the
cell reset process has been described. However, it is to
be understood that the second embodiment described
above is exemplary and explanatory and is not restrictive
of the invention as claimed. For example, the integrator
reset switch 24 may be in an ON state during the cell
reset process.

[Third Embodiment]

[0066] A configuration of a photoelectric conversion
device 3 according to a third embodiment will be de-
scribed. FIG. 16 is an equivalent circuit diagram illustrat-
ing the photoelectric conversion device 3 according to
the third embodiment.
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[0067] As illustrated in FIG. 16, the photoelectric con-
version device 3 according to the third embodiment is
essentially the same as the photoelectric conversion de-
vice 1 according to the first embodiment, except that the
photoelectric conversion device 3 includes two constant
current sources (a first constant current source 311 and
a second constant current source 312). Other elements
of the photoelectric conversion device 3 of the third em-
bodiment are essentially the same as corresponding el-
ements of the photoelectric conversion device 1 of the
first embodiment, and a description thereof will be omit-
ted.
[0068] As illustrated in FIG. 16, the photoelectric con-
version device 3 includes the pixel cell 10, the integrator
20, the output line 30, the reset line 50, the first constant
current source 311, the second constant current source
312, a first constant current source connect switch 321,
and a second constant current source connect switch
322.
[0069] The pixel cell 10 is an example of the photoe-
lectric conversion unit, and the above-described config-
uration including the integrator 20, the output line 30, the
reset line 50, the second constant current source 312,
and the second constant current source connect switch
322 is an example of the base potential setting unit. Fur-
ther, the above-described configuration including the first
constant current source connect switch 321 and the sec-
ond constant current source connect switch 322 is an
example of a switch unit.
[0070] The first constant current source 311 may be a
constant current source disposed to branch off from the
path of the output line 30 and connected to the output
line 30 via the first constant current source connect switch
321. This first constant current source 311 is used to
perform the cell select process, and when the first con-
stant current source connect switch 321 is turned ON,
the first constant current source 311 is connected to the
output line 30.
[0071] The second constant current source 312 may
be a constant current source disposed to branch off from
the path of the output line 30 and connected to the output
line 30 via the second constant current source connect
switch 322. This second constant current source 312 is
used to perform the cell reset process, and when the
second constant current source connect switch 322 is
turned ON, the second constant current source 312 is
connected to the output line 30.
[0072] Next, an example of operation of the photoelec-
tric conversion device 3 according to the third embodi-
ment will be described. FIG. 17 is a flowchart for explain-
ing operation of the photoelectric conversion device 3
according to the third embodiment.
[0073] Upon reception of instructions from a control
unit (not illustrated) via the control lines 61 and 62, the
photoelectric conversion device 3 performs various proc-
esses of steps S31 to S34 as illustrated in FIG. 17. FIGs.
18 to 21 are diagrams illustrating various states of the
photoelectric conversion device 3 according to the third

embodiment when performing the various processes.
[0074] First, the photoelectric conversion device 3 per-
forms an accumulation process to accumulate signal
charge in the phototransistor 11. Specifically, the cell se-
lect switch 12 is turned OFF and the cell reset switch 13
is turned OFF (step S31). At this time, in the photoelectric
conversion device 3, as illustrated in FIG. 18, the cell
select switch 12 is in an OFF state, and the cell reset
switch 13 is in an OFF state. Note that the integrator reset
switch 24, the integration capacitor connect switch 23,
the first constant current source connect switch 321, and
the second constant current source connect switch 322
may be in an ON state or in an OFF state. In the pho-
totransistor 11, upon reception of an incident optical en-
ergy, the optical energy is converted into signal charge
and the signal charge is accumulated in the base region
B. In this condition, the emitter region E and the base
region B of the phototransistor 11 of the pixel cell 10 are
in a floating state. Hence, the signal charge generated
according to the optical energy is accumulated in the
base region B starting from the base potential set up by
the cell reset process (which will be described later), and
the base-to-collector voltage VBC is reduced.
[0075] Subsequently, the photoelectric conversion de-
vice 3 performs an integrator reset process to discharge
the signal charge in the capacitor 22 of the integrator 20.
Specifically, the integrator reset switch 24 is turned ON
and the integration capacitor connect switch 23 is turned
ON (step S32). At this time, in the photoelectric conver-
sion device 3, as illustrated in FIG. 19, the cell select
switch 12 is in an OFF state, the cell reset switch 13 is
in an OFF state, the integration capacitor connect switch
23 is in an ON state, and the integrator reset switch 24
is in an ON state. Thereby, the signal charge in the ca-
pacitor 22 may be discharged. Note that the first constant
current source connect switch 321 and the second con-
stant current source connect switch 322 at this time may
be in an ON state or in an OFF state. It is preferable that
these switches are in an OFF state, in order to reduce
the error due to the ON resistance when the current flows
through the first constant current source connect switch
321 and the second constant current source connect
switch 322.
[0076] Subsequently, the photoelectric conversion de-
vice 3 performs a cell select process to discharge the
signal charge accumulated in the phototransistor 11.
Specifically, the cell select switch 12 is turned ON, the
integrator reset switch 24 is turned OFF, the first constant
current source connect switch 321 is turned ON, and the
second constant current source connect switch 322 is
turned OFF (step S33). At this time, in the photoelectric
conversion device 3, as illustrated in FIG. 20, the cell
select switch 12 is in an ON state, the cell reset switch
13 is in an OFF state, the integration capacitor connect
switch 23 is in an ON state, the integrator reset switch
24 is in an OFF state, the first constant current source
connect switch 321 is in an ON state, and the second
constant current source connect switch 322 is in an OFF
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state. Hence, the photocurrent according to the signal
charge accumulated in the phototransistor 11 flows into
the integrator 20. In the integrator 20, the photocurrent
generated in the reading time is accumulated and the
photocurrent is converted into a voltage, so that the in-
tegrator 20 outputs the voltage. Note that, after the cell
select process is terminated, the constant current source
connect switch 41 is turned OFF and the output of the
integrator 20 is read. After the reading of the output of
the integrator 20 is performed, the constant current
source connect switch 41 is turned ON again. The signal
output from the integrator 20 is converted into a digital
signal by an AD converter (which will be described later)
and the photoelectric conversion device 3 outputs the
digital signal. Note that the first constant current source
311 is connected to the output line 30, and the photocur-
rent flows into the integrator 20 after a constant current
iB1 set up by the first constant current source 311 is re-
duced from the photocurrent output from the phototran-
sistor 11.
[0077] Subsequently, the photoelectric conversion de-
vice 3 performs a cell reset process to discharge the sig-
nal charge accumulated in the phototransistor 11. Spe-
cifically, the cell reset switch 13 is turned ON, the inte-
gration capacitor connect switch 23 is turned OFF, the
first constant current source connect switch 321 is turned
OFF, and the second constant current source connect
switch 322 is turned ON (step S34). At this time, in the
photoelectric conversion device 3, as illustrated in FIG.
21, the cell select switch 12 is in an ON state, the cell
reset switch 13 is in an ON state, the integration capacitor
connect switch 23 is in an OFF state, the integrator reset
switch 24 is in an OFF state, the first constant current
source connect switch 321 is in an OFF state, and the
second constant current source connect switch 322 is in
an ON state. Thereby, a feedback loop is formed by the
base region B and the emitter region E of the phototran-
sistor 11, the cell select switch 12, the output line 30, the
operational amplifier 21 of the integrator 20, the reset line
50, and the cell reset switch 13. An electric potential of
the output line 30 is controlled to be equal to the reference
voltage Vref, and the base-to-emitter voltage VBE of the
phototransistor 11 is controlled to be equal to a value that
allows the passage of a constant current iB2 set up by
the second constant current source 312 even if the pho-
totransistor 11 has different characteristics.
[0078] Subsequently, after the process of step S34 is
completed, the operation of the photoelectric conversion
device 3 is returned to step S31 again, and the above-
described processes of steps S31 to S34 are repeated.
[0079] According to the above-described photoelectric
conversion device 3 of the third embodiment, in addition
to the advantageous effects of the first embodiment, the
following advantageous effect is obtained. Namely, the
photoelectric conversion device 3 of the third embodi-
ment includes the two constant current sources (the first
constant current source 311 and the second constant
current source 312). Hence, the current pulled when per-

forming the cell select process, and the current pulled
when performing the cell reset process may be set up
arbitrarily. Specifically, the current pulled when perform-
ing the cell reset process is used to set up the initial bias
state of the phototransistor 11, and the current affects
the time to stabilize the initial bias state and the time to
output the photocurrent. Further, the current pulled when
performing the cell select process affects the dynamic
range of the output of the integrator 20 and the imped-
ance of the output line 30. Hence, the current value re-
quired for the constant current source 40 is not neces-
sarily the same, and there may be a case in which it is
preferable that the current value required when perform-
ing the cell select process is different from that when
performing the cell reset process. In such a case, accord-
ing to the photoelectric conversion device 3 of the third
embodiment, the optimal constant current source 40 may
be selected for the respective purposes.
[0080] In the third embodiment, a case in which the
photoelectric conversion device 3 includes the two con-
stant current sources (the first constant current source
311 and the second constant current source 312) has
been described. However, it is to be understood that the
third embodiment described above is exemplary and ex-
planatory and is not restrictive of the invention as claimed.
For example, the photoelectric conversion device 3 may
include three or more constant current sources.

[Fourth Embodiment]

[0081] In a fourth embodiment, an image generation
device in which a plurality of photoelectric conversion
devices, each configured as described above, are ar-
rayed in a two-dimensional formation will be described.
FIG. 22 is a diagram illustrating a configuration of the
image generation device according to the fourth embod-
iment.
[0082] As illustrated in FIG. 22, the image generation
device includes a two-dimensional array of pixel cells
10-1-1 to 10-M-N, a plurality of row selection lines 410-1
to 410-M, a plurality of column output lines 420-1 to 420-
N, a plurality of reset lines 430-1 to 430-N, a row selector
440, an IV (current-to-voltage) conversion array 450 of
integrators 20, and an AD (analog-to-digital) conversion
array 460 of AD converters to convert the signals output
from the integrators 20 into digital signals.
[0083] Each of the pixel cells 10-1 to 10-M is connected
to a corresponding one of the row selection lines 410 and
further connected to a corresponding one of the column
output lines 420. The pixel cells 10-1-n to 10-M-n con-
nected to the row selection lines 410-1 to 410-M, respec-
tively, are connected to a column output line 420-n (1 %
n % N) of the column output lines 420-1 to 420-N.
[0084] The row selector 440 selectively activates one
pixel cell 10-m-n (1 % m % M) of the pixel cells 10-1-n to
10-M-n by using the row selection lines 410-1 to 410-M.
The active pixel cell 10-m-n transfers, upon reception of
an incident optical energy, the photocurrent having the
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magnitude according to the intensity of the incident light
to the IV conversion array 450 via a corresponding col-
umn output line 420-n. Further, a reset potential is given
to the active pixel cell 10-m-n via a corresponding reset
line 430-n.
[0085] The IV conversion array 450 converts the output
current from each of the pixel cells 10 into the output
voltage.
[0086] The AD conversion array 460 performs the an-
alog-to-digital conversion of the output voltages of the IV
conversion array 450 to generate an output image signal.
[0087] Note that a pair of one IV conversion array 450
and one AD conversion array 460 may be arranged for
every one of the columns of the two-dimensional array,
or may be arranged for every two or more columns of the
two-dimensional array. In these cases, the column se-
lection function may be added to the pair of the arrays
450 and 460.
[0088] As described above, the image generation de-
vice of the fourth embodiment is configured so that a
plurality of photoelectric conversion devices each ac-
cording to any of the first through third embodiments are
arrayed in a two-dimensional formation. Hence, the read-
ing time may be reduced, and therefore the image gen-
eration speed may be increased.
[0089] According to the above-described embodi-
ments, it is possible to provide a photoelectric conversion
device which is able to reduce the time needed to reset
the electric charge accumulated in the phototransistor.
[0090] The photoelectric conversion device according
to the present disclosure is not limited to the above-de-
scribed embodiments, and variations and modifications
may be made without departing from the scope of the
present disclosure.
[0091] The present application is based upon and
claims the benefit of priority of Japanese Patent Applica-
tion No. 2015-131277, filed on June 30, 2015, the con-
tents of which are incorporated therein by reference in
their entirety.

Claims

1. A photoelectric conversion device comprising:

a photoelectric conversion unit including a pho-
totransistor having a collector region, an emitter
region, and a base region to generate an output
current according to an intensity of incident light
to the phototransistor; and
a base potential setting unit configured to set up
a base potential of the phototransistor so that
the output current from the photoelectric conver-
sion unit is equal to a predetermined current val-
ue.

2. The photoelectric conversion device according to
claim 1, wherein:

the base potential setting unit is connected to
the base region of the phototransistor and in-
cludes a reset line to reset the phototransistor;
and
the photoelectric conversion unit comprises a
switch configured to connect the base region to
the reset line and disconnect the base region
from the reset line.

3. The photoelectric conversion device according to
claim 2, wherein:

the base potential setting unit comprises an in-
tegrator configured to perform an integration
process of the current output from the photoe-
lectric conversion unit, the integration process
accumulating electric charge according to the
current within a predetermined time, converting
the accumulated charge into a voltage, and out-
putting the voltage; and
the reset line is connected to an output of the
integrator.

4. The photoelectric conversion device according to
claim 2, wherein:

the base potential setting unit comprises an op-
erational amplifier configured to receive the cur-
rent output from the photoelectric conversion
unit; and
the reset line is connected to an output of the
operational amplifier.

5. The photoelectric conversion device according to
any of claims 1 to 4, wherein
the base potential setting unit comprises a constant
current source connected to the emitter region of the
phototransistor.

6. The photoelectric conversion device according to
any of claims 1 to 4, wherein the base potential set-
ting unit comprises:

two or more constant current sources each con-
nectable to the emitter region of the phototran-
sistor; and
a switch unit configured to be switched between
a first connection state in which one of the con-
stant current sources is connected to the emitter
region to enable the base potential setting unit
to set up the base potential and a second con-
nection state in which another of the constant
current sources is connected to the emitter re-
gion to disable the base potential setting unit
from setting up the base potential.

7. The photoelectric conversion device according to
any of claims 1 to 6, wherein
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a plurality of photoelectric conversion units, each in-
cluding the phototransistor, are arrayed in a two-di-
mensional formation.

8. An image generation device comprising:

a photoelectric conversion device; and
an AD converter configured to convert an output
current from the photoelectric conversion device
into a digital signal,
the photoelectric conversion device including:

a photoelectric conversion unit including a
phototransistor having a collector region, an
emitter region, and a base region to gener-
ate the output current according to an inten-
sity of incident light to the phototransistor;
and
a base potential setting unit configured to
set up a base potential of the phototransistor
so that the output current from the photoe-
lectric conversion unit is equal to a prede-
termined current value.

9. The image generation device according to claim 8,
wherein:

the base potential setting unit is connected to
the base region of the phototransistor and in-
cludes a reset line to reset the phototransistor;
and
the photoelectric conversion unit comprises a
switch configured to connect the base region to
the reset line and disconnect the base region
from the reset line.

10. The image generation device according to claim 9,
wherein:

the base potential setting unit comprises an in-
tegrator configured to perform an integration
process of the current output from the photoe-
lectric conversion unit, the integration process
accumulating electric charge according to the
current within a predetermined time, converting
the accumulated charge into a voltage, and out-
putting the voltage; and
the reset line is connected to an output of the
integrator.

11. The image generation device according to claim 9,
wherein:

the base potential setting unit comprises an op-
erational amplifier configured to receive the cur-
rent output from the photoelectric conversion
unit; and
the reset line is connected to an output of the

operational amplifier.

12. The image generation device according to any of
claims 8 to 11, wherein
the base potential setting unit comprises a constant
current source connected to the emitter region of the
phototransistor.

13. The image generation device according to any of
claims 8 to 11, wherein the base potential setting
unit comprises:

two or more constant current sources each con-
nectable to the emitter region of the phototran-
sistor; and
a switch unit configured to be switched between
a first connection state in which one of the con-
stant current sources is connected to the emitter
region to enable the base potential setting unit
to set up the base potential and a second con-
nection state in which another of the constant
current sources is connected to the emitter re-
gion to disable the base potential setting unit
from setting up the base potential.

14. The image generation device according to any of
claims 8 to 13, wherein
a plurality of photoelectric conversion units, each in-
cluding the phototransistor, are arrayed in a two-di-
mensional formation.
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